Background/Aims: Liver progenitor cells (LPCs) were considered as a promising hepatocyte source of cell therapy for liver disease due to their self-renewal and differentiation capacities，while little is known about the mechanism of LPC differentiate into hepatocytes. This study aims to explore the effect of miR-382, a member of Dlk1-Dio3 microRNA cluster, during hepatic differentiation from LPCs. Methods: In this study, we used rat liver progenitor cell WB-F344 as LPC cell model and HGF as inducer to simulate the process of LPCs hepatic differentiation, then microRNAs were quantified by qPCR. Next, WB-F344 cell was transfected with miR-382 mimics, then hepatocyte cell trait was characterized by multiple experiments, including that periodic acid schiff staining and cellular uptake and excretion of indocyanine green to evaluate the hepatocellular function, qPCR and Western Blotting analysis to detect the hepatocyte-specific markers (ALB, Ttr, Apo E and AFP) and transmission electron microscopy to observe the hepatocellular morphology. Moreover, Luciferase reporter assay was used to determine whether Ezh2 is the direct target of miR-382. Results: We found that miR-382 increased gradually and was inversely correlated with the potential target, Ezh2, during WB-F344 hepatic differentiation. In addition, functional studies indicated that miR-382 increased the level of hepatocyte-specific genes. Conclusions: This study demonstrates that miR-382 may be a novel regulator of LPCs differentiation by targeting Ezh2.
Mir-382 Promotes Differentiation of Rat Liver Progenitor Cell WB-F344 by Targeting Ezh2
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Introduction
Liver progenitor cells (LPC), also termed oval cells, are liver-specific stem cells with the ability of self-renewal and differentiation into hepatocytes and cholangiocytes [1] . Despite quiescent in healthy liver, LPC was activated and proliferated in chronic liver disease [2] [3] [4] , and the degree of LPC activation corresponds with the severity of liver fibrosis and inflammation [5] . Recent studies suggest that LPC represent a potential cell source of liver cell therapy due to their self-renewal and differentiation capacities [6] . However, one of the major hurdles of LPC therapies is the low differentiation efficiency, resulting in low yields of functional hepatocytes [7] . Therefore, it is necessary to understand the mechanism of LPC differentiate into hepatocytes and identify a novel pathway that could be therapeutically targeted.
microRNAs are small noncoding RNAs that modulate a variety of biological processes, including cellular differentiation, metabolism, and proliferation [8] . Interestingly, miRNA genes tend to occur in clusters [9] , alluding to its evolutionary and functional implications. For example, Dlk1-Dio3 microRNA cluster is one of the largest miRNA clusters in the genome and located in the imprinted region on mouse chromosome 12qF1 [10] . Multiple studies demonstrate that activation of the imprinted Dlk1-Dio3 region correlates with pluripotency levels of mouse stem cells [11] and a loss of the imprinted Dlk1-Dio3 region results in developmental abnormalities and fetal lethality [12] , implicating their potential role in development. Actually, many of these miRNAs are differentially expressed in several adult stem cells and are related to the differentiation of several cell lineages. For example, miR-300 regulates differentiation of primitive cardiac progenitors [13] , Dlk1-Dio3 ncRNA reduce neural differentiation potential [14] . Besides, Cui L [15] reported that many of Dlk1-Dio3 miRNAs (miR-127, miR-376a, miR-136, miR-539, miR-154) were induced during hepatic differentiation of human umbilical cord lining-derived mesenchymal stem cells. While few reports have been published on the role of Dlk1-Dio3 microRNA clusters in LPC hepatic differentiation. Therefore, this study aims to explore the relationship between Dlk1-Dio3 microRNA cluster and LPC hepatic differentiation.
Polycomb group proteins initiate and maintain gene silencing through chromatin modifications and contribute to the maintenance of self-renewal in a variety of stem cells [16] . Enhancer of zeste homolog2 (Ezh2), a transcriptional factor, is the functional enzymatic component of Polycomb Repressive Complexes 2 (PRC2) [17] , which initiate gene silencing by methylating histone H3 lysine 27 (H3K27me3). Generally, H3K27me3 is a repressive histone modification [18] , which marks promoters of the developmental genes [19] . Recent studies demonstrate that Ezh2 is essential for expansion of hepatic progenitor population, and its loss of function result in decreased expression of liver-function related genes [20] . Accidently, bioinformatic analysis showed that several microRNAs from Dlk1-Dio3 cluster potentially target Ezh2. Thus, we hypothesized that some Dlk1-Dio3 microRNA may be involved in LPCs hepatic differentiation by targeting Ezh2.
In the present study, we mainly focused on miR-382, member of Dlk1-Dio3 microRNA cluster, based on its expression pattern during WB-F344 hepatic differentiation and its inducing hepatic differentiation, along with its target gene. our data suggests that miR-382 might also be a potential "initial" signal during hepatic differentiation.
Materials and Methods

Cell culture and WB-F344 hepatic differentiation
The WB-F344 rat hepatic oval cell line was obtained from the Fuxiang Biology Company, Shanghai, China. BRL-3A was obtained from the Institute of Biochemistry and Cell Biology, Shanghai, China. WB-F344 and BRL-3A cells were cultured in DMEM (Hyclone, Utah, USA) with 10% fetal bovine serum fetal bovine serum (FBS, Sijiqing, Hangzhou, China) in a humidified atmosphere containing 5% CO 2 
Cellular uptake and excretion of indocyanine green
Indocyanine Green (ICG) (Catalog: 3599-32-4, Sigma-Aldrich, St Louis, MO, USA) was dissolved in DMSO at 100 mg/mL, then added DMEM medium with the final concentration of 1mg/mL. After incubation at 37C° for 60 min, the medium with ICG was discarded and the cells were washed with PBS. Then, PBS was replaced by the culture medium and the cells were incubated at 37C° for 6 hr. The excretion of ICG was examined again by microscopy.
Transmission electron microscopy WB-F344 cells were fixed with 2% glutaraldehyde cacodylate buffer for 30 min and post-fixed with 1% osmium tetroxide for 30 min, after which they were dehydrated through a series of graded ethanol. Samples were embedded in Epok 812 (Oken Shoji, Tokyo, Japan), and ultrathin sections were cut with an ultramicrotome (MT7000-Ultra, RMC, Tucson, AZ). Samples were stained with uranyl acetate and lead citrate, and were then viewed with an electron microscope (H-7500; Hitachi, Tokyo, Japan).
Reverse transcription reaction and quantitative real-time PCR
Total RNAs were extracted using Trizol reagent (Invitrogen, Mason, USA). The first-strand cDNA was generated using the Reverse Transcription System Kit (Invitrogen, Mason, USA). Reverse transcription was executed using the mi DETECT miRNA RT Kit (Ribobio, Guangzhou, China) for miRNA and PCR were performed using mi DETECT miRNA PCR Kit (Ribobio, Guangzhou, China) according to the manufacturer's protocol. U6 was used as internal microRNA control. Real-time PCR was performed using a standard SYBRGreen PCR kit on a Step One Plus system (Applied Biosystems 7300). GAPDH was used as an endogenous control to normalize the amount of total mRNA in each sample. All sequences are listed in Table 1 . Western blot analysis Total cell lysate was prepared in 1×SDS buffer. Proteins at the same amount were separated on SDS-PAGE, then transferred onto nitrocellulose membranes (Millipore, MA, USA). After incubation with antibodies specific for either AFP, Ezh2, H3k27me3 or GAPDH (Table 2) , the blot was developed using goat anti-rabbit secondary antibody and visualized using enhanced chemiluminescence (Pierce, Rockford, USA).
Luciferase reporter assay
The 3´UTR of Ezh2 containing the miR-382 response element was cloned into the Xho I/Sac I site of pmirGLO control luciferase vector (Promega, Madison, WI). A mutant 3'UTR of Ezh2 was synthesized using a site-directed mutagenesis kit (Takara, Toyko, Japan). Primers are listed in Table 1 .
WB-F344 cells were co-transfected with 500ng WT-Ezh2-pmirGLO/Mu-Ezh2 -pmirGLO constructs and miR-382 mimics or the negative control in a 24-well plate. Each sample was co-transfected with 50 ng renilla luciferase control plasmid (pGL4.7) to monitor the transfection efficiency (Promega, Madison, USA). 48h later, luciferase activity assay was performed using the dual luciferase reporter assay system (Promega, Madison, USA).
Statistical analysis
Data are expressed as means ± standard deviation from three independent experiments. Data were analyzed by using t-test, ANOVA as indicated in the figure legends. All p values were two-sided and obtained by using the SPSS 13.0 software package. p<0.05 was indicative of a statistically significant result.
Results
HGF induce WB-F344 hepatic differentiation
HGF has been implicated as an important factor in stimulating hepatic differentiation and HGF was widely used to trigger onset of hepatic differentiation from LPCs [21] [22] [23] . To induce rat liver progenitor cell WB-F344 differentiate into hepatocyte cell, we cultured WB-F344 cells in hepatic differentiation medium with HGF (described in "Materials and methods"). Briefly, WB-F344 cells were cultured in DMEM with 50 ng/ml HGF in the first 5 days, then HGF was reduced to 10 ng/ml HGF in the following days to maintain the differentiation. 
Contrarily, WB-F344 cells cultured in DMEM without HGF was used as control. After culturing for 10 days, to confirm the validity of our hepatic differentiation model, several assays were performed to prove that the HGF-treated WB-F344 became hepatocytes ultimately. PAS staining of HGF-treated WB-F344 cells showed significant storage as mature hepatic cells (Fig. 1B) . Besides, most HGF-treated WB-F344 cells were positive for ICG, while the control group were negative. Moreover, RT-PCR analysis revealed that robust upregulation of mature hepatocyte-specific transcripts (ALB, Ttr, Apo E) and decreased expression of hepatic stem cells markers (AFP) in WB-F344 cells at 12 days (Fig. 1D) . Additionally, ultrastructural analysis with electron microscopy showed typical hepatocytic organelles such as mitochondria, lysosomes, and glycogen granules (Fig. 1E) . Altogether, these results clearly indicate that WB-F344 could differentiate into hepatocyte-like cells.
To confirm the protein level of Ezh2 during WB-F344 hepatic differentiation, western blotting analysis was performed. As shown in Fig. 1C , both Ezh2 and its catalytic product, H3K27me3, were increased in the first 2 days and decreased transiently in the following days during WB-F344 hepatic differentiation.
MiR-382 was induced during WB-F344 cells hepatic differentiation
In the initial study, many of Dlk1-Dio3 miRNAs (miR-127, miR-376a, miR-136, miR-539, miR-154) were induced during hepatic differentiation of human umbilical cord liningderived mesenchymal stem cells [15] . Fig. 2A showed genomic organization of microRNA located in Dlk1-Dio3 cluster. (Adapted from MJ Cairns [24] ). To determine whether Dlk1-Dio3 microRNA cluster is also altered in liver progenitor cell WB-F344 hepatic differentiation, we performed qPCR analysis. As shown in Fig. 2B , we found 5 miRNAs was remarkably increased, of which miR-382 potentially target Ezh2.
To verify whether miR-382 in mature hepatocyte cells is always higher than LPCs, we measured the expression levels of miR-382 in rat liver tissues and BRL-3A cell. As revealed in Fig. 2C , the expression level of miR-382 in rat liver tissues and BRL-3A cells were relatively higher than that in WB-F344 cells, suggesting that miR-382 is widely induced during hepatic differentiation. 
MiR-382 induce WB-F344 hepatic differentiation
To explore the effect of miR-382 on LPCs hepatic differentiation, the hepatocyte-specific markers (ALB, Ttr, ApoE) and liver stem marker (AFP) were detected by qPCR. Briefly, WB-F344 cells were transfected with miR-382 mimics, mimics negative control; miR-382 inhibitor, inhibitor negative control, respectively. qPCR analysis was performed at 24 h after transfection and Western Blotting analysis was performed at 48 h after transfection. As shown in Fig. 3 , miR-382 mimics increased the expression of ApoE, Ttr, ALB, but decreased the level of AFP both in mRNA and protein level. These results indicate that miR-382 may induce WB-F344 hepatic differentiation.
MiR-382 down-regulates Ezh2 directly
To determine how miR-382 participates in the induction of hepatic differentiation, we sought to identify miR-382 target genes during hepatocytic differentiation. Bioinformatic tools (miRanda) for putative target genes were used and Ezh2 was identified by bioinformatic analysis. We then carried q RT-PCR and Western blotting analysis to determine whether miR-382 mimics could regulate the expression of Ezh2. As shown in Fig. 4B and 4C, miR-382 drastically inhibited the expression of Ezh2 on both mRNA and protein levels. Conversely, miR-382 inhibitor significantly increased the level of Ezh2 both on protein and mRNA. 
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Furthermore, to determine whether Ezh2 was inhibited by miR-382 directly, the 3´UTR region of miR-382 was fused to a luciferase reporter (pmirGLO). As shown in Fig. 3D , miR-382 repressed the luciferase activity of the wild-type plasmid (WT-Ezh2-pmirGLO) but not the mutant plasmid (Mu-Ezh2-pmirGLO), indicating that Ezh2 is a direct target of miR-382.
Knowing that Ezh2 can increase site-specific lysine methylation at H3K27 globally, we examined the H3K27me3 level in miR-382 treated WB-F344 cells. As shown in Fig. 3C , miR-382 could induce up-regulation of global H3K27me3 level and Ezh2. These results indicate that miR-382 may regulate LPCs hepatic differentiation via the methylation modification of histone H3 mediated by Ezh2.
Knockdown of Ezh2 promote WB-F344 hepatic differentiation
As a major component of PRC2, Ezh2 mediates mesenchymal stem cell lineage specification [18] through chromatin modifications and contribute to the maintenance of self-renewal in a variety of stem cells. To confirm that the induction of hepatic differentiation by miR-382 was mediated by Ezh2, we assessed the effect of Ezh2 siRNA on hepatocyte differentiation. As presented in Fig. 5 , Ezh2 siRNA not only increased mRNA level of hepatocyte-specific markers (ALB, Ttr, ApoE), but also increased the protein level of AFP. In other words, reduction of Ezh2 mimicked the effect of miR-382 overexpression. These results suggest that Ezh2 may be involved in the miR-382-mediated hepatic differentiation.
Furthermore, as revealed in Fig. 1C and Fig. 2B . We observed a significant down-regulation of Ezh2 on both the mRNA and protein levels during WB-F344 hepatic differentiation, in the opposite trend of miR-382. These data indicated an inverse correlation between the putative target genes Ezh2 and miR-382 expression during hepatocytic differentiation.
Discussion
The adult liver has a remarkable regenerative capacity, that can be utilized in clinical scenarios in living donor liver transplantation [25] . Recent evidences indicate that LPCs isolated from adult healthy mouse liver are important source of new mature hepatocytes for tissue maintenance and repair in vivo, and for regenerative medicine ex vivo [26, 27] . Understanding the mechanism that LPCs differentiation into hepatocytes may allow for novel induction strategies for chronic liver disease [28] . Here, we used rat liver progenitor cell WB-F344 as LPC cell model and HGF as inducer to simulate the process of LPCs hepatic differentiation [29] . Moreover, the hepatocyte cell trait was characterized in terms of hepatocellular function, hepatocellular morphology, and hepatocyte-specific markers [30] .
Although several studies addressed the mechanism by which LPCs differentiated, the data is still insufficient to fully understand the mechanism of the well-ordered hepatic differentiation. In particular, little is known about the roles of miRNAs and epigenetic factors in regulating hepatic differentiation. Knowing that miRNAs at the Dlk1-Dio3 imprinting locus are critical for the differentiation of stem cells [12] and the miR-379/656 sub-cluster can be activated by liver-specific hepatocyte nuclear factor4a (HNF4a) [31] , implicating that Dlk1-Dio3 microRNA might be involved in the differentiation of LPC. In the present study, we identified several differentially expressed miRNAs in Dlk1-Dio3 microRNA cluster by q RT-PCR. Then we confirmed that miR-382 was induced during WB-F344 hepatic differentiation and its higher expression in other hepatocyte cells than in WB-F344 cells, including rat liver tissues and BRL-3A cell line. Furthermore, enhanced expression of miR-382 increased the hepatocyte-specific markers. Therefore, we proposed that increased expression of miR-382 may promote LPCs differentiation. Occasionally, according to previous reports, miR-382 affect various lineage conversion, including adipocytes differentiation [32] , osteogenic differentiation [33] and hematopoietic stem cell differentiation [34] . Together with our findings, we speculate that miR-382 is always involved in various stem cell differentiation.
To further investigate the specific role of miR-382 during WB-F344 hepatic differentiation, it is very important to identify miR-382 target genes. We used miRanda to predict the putative target genes of miR-382 and identified Ezh2, which was reported to inhibit hepatic differentiation of embryo liver, as direct target in WB-F344 cells. In our study, we found that miR-382 modulated H3K27me3 level by targeting Ezh2 in WB-F344 cells. Together with continuous decreased expression of Ezh2 and H3K27me3 during WB-F344 hepatic differentiation, we considered that the induction of miR-382 may contribute to hepatic differentiation via a Ezh2-mediated methylation modification in histone H3 during WB-F344 hepatic differentiation.
In the 2-AAF/PH model, the oval cells were activated at earlier day and then differentiated into hepatocyte cells, which agree with previous study [23, 35] . Here, after 2-AAF/PH treatment, Ezh2 was firstly stimulated in the first 2 day and then decreased to an undetectable level in the following days, which coincided with increased expression of AFP. Generally, AFP was considered as the marker of oval cells, and could be used to monitor the oval cell activation and oval cell differentiation. According to our results, miR-382 was induced during LPCs differentiation. MiR-382 promote hepatic differentiation of WB-F344 by targeting Ezh2, which regulate the transcription repression of liver-specific genes. Our findings reveal a miRNA-mediated negative regulation pattern that occurs during LPCs hepatic differentiation and suggest an anti-proliferative role for miR-382 in liver cells.
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